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AnilinesAbstract This paper presents the synthesis of some benzamide compounds (B1–B10) by micro-
wave-assisted ring opening of 4-(4-dimethylaminobenzylidene)-2-phenyl-5-oxazolone (AZ4). By
conventional synthesis involving heating, it was found difﬁcult to obtain ring-opened products,
probably due to poor tendency of the carbonyl carbon (C5) of AZ4 to undergo nucleophilic attack
by mono/or disubstituted anilines. Microwave assisted reactions were easy to perform, have
reduced the reaction time and produced good yields.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
The signiﬁcance of 5(4H)-oxazolones as intermediate in organ-
ic synthesis is well recognized, as these compounds are ﬂexible
reagents for the synthesis of a-keto and arylacetic acids, a-ami-
no acids and peptides (Rao and Filler, 1986; Jursic et al.,
2007). It is well known that the ring opening of easily accessi-ble 4-substituted-2-phenyloxazol-5-one by nucleophilic attack
leads to the formation of benzamide compounds (Barnes
et al., 1948; Chebanov et al., 2004). (See Scheme 1)
Inmost cases, primary amines react exclusively with the elec-
tron deﬁcient carbon –C5– of the oxazolone ring, which leads to
electron reorganization resulting in a ring opened product pos-
sessing unsaturation between two amide linkages (Khadse et al.,
2010). Reaction of equimolar quantity of monosubstituted ani-
lines and 4-(40-substituted benzylidene)-2-phenyl-5-oxazolones
in solvent toluene requires 30 to 120 min by the conventional
method (Khadse et al., 2010), for producing comparative yields.
In such reactions, time taken for the ring opening of oxazolone
ring by the nucleophilic nitrogen in amines is attributed to their
nucleophilic strength, and the steric hindrance caused by substi-
tutions on carbons adjacent to the nucleophilic group (Gibbs
et al., 1951; Betlakowska et al., 2002). Primary amino group in
some structures is surrounded with electron withdrawing
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Scheme 1 MW-assisted ring opening of AZ4 by amines to form benzamides.
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(Morrison and Boyd, 2007) and requires more time for opening
oxazolone ring. On the other hand, electron density at carbon
C5 of 4-(40-substituted benzylidene)-2-phenyl-5-oxazolones
was found to inﬂuence the outcome of such reactions, where,
electron-donating substituents like dimethylamino group on
phenyl ring at the 4th position of oxazolone markedly increases
the electron density of C5 and prolongs the reaction time (Lev-
itina et al., 1989).
Conventional methods involving heating reaction mixtures
with traditional equipments are not only slow, but it also cre-
ates a hot surface on the reaction vessel where products, sub-
strates and reagents often decompose over time. Microwave
energy, in contrast, passes through the walls of the reaction
vessel, heating the reactants and solvents directly, where, tem-
perature increase is uniform throughout the reaction mixture,
leading to rapid reaction and fewer by-products and/or prod-
uct decomposition (Mavandadi and Pilotti, 2006). The aim
of the present work was to synthesize some benzamide deriva-
tives by nucleophilic ring opening of 4-[4-(dimethylamino)ben-
zylidene]-2-phenyl-1,3-oxazol-5(4H)-one by some amines using
microwave irradiation.
2. Experimental
2.1. Materials and equipments
All chemicals used in this work were of laboratory grade and
were purchased from E Merck Ltd., India, and Loba Chemical
Ltd., India. Reactions involving microwave exposure were
conducted in CATA-2R (Catalyst Systems) using microwave
vials of capacity 10–20 ml. The melting points reported herein
are uncorrected and were determined in open capillaries using
Thiele’s melting point apparatus. Melting points and percent
yield of the benzamide derivatives are speciﬁed in Table1. Pro-
gress of the reaction was examined by TLC-reports, which
were developed using pre-coated Silica gel G plates. IR spectra
were recorded using KBr disks on a Shimadzu 8400-S FTIR
and elemental analysis was carried out using a FLASH EA1112 CHN analyzer (Thermo Finnigan, Italy) and found to
be within 0.4 of theoretical values. The 1H-NMR and 13C
NMR spectra of synthesized compounds were obtained using
Mercury Plus 300 MHz NMR spectrometer and JEOL-FT-
NMR spectrometer, at IIT Powai and Indian Institute of
Science, Mumbai and mass spectra of the compounds were
analyzed on a VARIAN-500 mass spectrometer at IIT Powai,
Mumbai, India.
2.2. Synthesis of (Z/E)-4-[4-(dimethylamino)benzylidene]-2-
phenyl-1,3-oxazol-5(4H)-one (AZ4)
4-[4-(Dimethylamino)benzylidene]-2-phenyl-1,3-oxazol-5(4H)-
one (AZ4) was synthesized by heating the mixture of p-dimeth-
ylamino benzaldehyde, hippuric acid and sodium acetate in
acetic anhydride following the reported procedure (Furniss
et al., 2006).mp: 210–12 C (65%, acetonitrile, red crystalline);
Rf: 0.71 [benzene: ethyl acetate (4.9:0.1)].
IR (KBr) v: 1783 (C‚O str.), 1644 (C‚N str.), 1610 (C‚C
str.), 3080–3050 (Ar C–H str.), 3044 (oleﬁnic C–H str.), 1297
(C–O str.), 2906–2820 (Aliphatic C–H str.); 1H NMR (CDCl3,
300 MHz) d: 3.05 (6H, s, –N(CH3)2), 6.70–7.95 (10H, m, 9
aromatic. H + 1 oleﬁnic CH); 13C NMR: (CDCl3) d:160.24,
157.20, 150.64, 130.51, 129.17, 127.49, 127.16, 126.67, 126.01,
124.92, 113.59, 111.95, 41.11; Anal. calcd. For C18H16N2O2:
C, 73.95; H, 5.52; N, 9.58; Found: C, 73.98; H, 5.49; N, 9.56.
2.3. General procedure for synthesis of benzamides
Arylideneoxazolone (0.0005 mol) and appropriate amines
(0.0005 mol) were mixed in 5 ml of acetonitrile with a catalytic
amount of triethylamine contained in a 10 ml microwave vial
sealed by Teﬂon-lined rubber cap. This reaction mixture was
irradiated with MW at 420 (60%) to 560 Watt (80%) for
8–20 min and allowed to cool conceding a precipitate. The pre-
cipitate was washed with 0.5 N HCl and then crystallized with
ethanol: DMFmixture (9:1) to get off-white crystalline benzam-
ide derivatives (B1–B10, Table 1). Formation of these com-
pounds was ascertained by sharp melting point of each
Table 1 Data for MW-assisted ring opening of AZ4 by various amines.
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.Compounds R Irradiation (Watt) t (min) Yield (%)a,c Conventional Yield (%)b,c m.p.(C)
B1
Cl
560 15 85 51 250–252
B2
F
560 15 83 52 256–258
B3 N
S
560 15 80 41 240–242
B4
CH3
420 08 90 60 160–162
B5
CH3
490 12 87 54 236–238
B6
OCH3
490 12 88 57 238–240
B7
CH3
CH3
560 15 78 49 242–245
B8
H3C
CH3
560 20 55 35 239–242
B9
H3CO
OCH3
560 20 35 20 245–248
B10
Cl
CH3
560 20 20 No reaction observed 252–255
a All MW-assisted reactions were conducted in CATA-2R.
b Conventional yields were obtained after reﬂuxing reactants in dioxane: triethylamine (1:1) for 4–12 h.
c Yields are reported after recrystallization with ethanol:DMF mixture.
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2.3.1. N-{(Z/E)-1-{[(4-chlorophenyl)amino]carbonyl}-2-[4-
(dimethylamino) phenyl]vinyl} benzamide (B1)
IR (KBr) v: 1650 (C‚O str.), 3257 (N–H str.), 1598 (C‚C
str.), 3070–3056 (Aromatic C–H str.), 2998 (oleﬁnic C–H
str.), 2889–2845 (Aliphatic C–H str.); 1H NMR (DMSO-d6,
300 MHz) d: 3.05 (6H, s, N(CH3)2), 6.70–8.00 (14H, m, 13
aromatic H + 1 oleﬁnic CH), 9.65, 10.35 (2H, s, amide –
NH); 13CNMR:(DMSO-d6) d: 167.45, 164.79, 157.28, 149.48,
137.56, 132.10, 129.98, 129.10, 127.59, 127.06, 125.16, 126.32,
123.61, 121.02, 114.39, 110.88, 40.75; MS: m/z 419.14 M+;
Anal. calcd. for C24H22ClN3O2: C, 68.65; H, 5.28; N, 10.01;
Found: C, 68.33; H, 5.20; N, 9.92.
2.3.2. N-{(Z/E)-1-{[(4-ﬂuorophenyl)amino]carbonyl}-2-
[4-(dimethylamino) phenyl]vinyl} benzamide (B2)
IR (KBr) v: 1648 (C‚O str.), 3220 (N–H str.), 1610 (C‚C
str.), 3070–3050 (Ar C–H str.), 2995 (oleﬁnic C–H str.),
2930–2900 (Aliphatic C–H str.); 1H NMR (DMSO-d6,
300 MHz) d: 3.00 (6H, s, N(CH3)2), 6.7–8 (14H, m, 13 aro-
matic H + 1 oleﬁnic CH), 9.65, 10.40 (2H, s, amide –NH);
13CNMR:(DMSO-d6) d: 167.10, 165.55, 160.05, 150.64,
138.49, 134.17, 130.51, 129.17, 127.49, 127.10, 126.67, 126.02,
124.92, 120.12, 115.01, 110.95, 41.27; MS: m/z 403.13 M+;
Anal. calcd. for C24H22FN3O2: C,71.45; H, 5.50; N,10.42;
Found: C, 71.42; H, 5.53; N, 10.44.
2.3.3. N-{(Z/E)-2-[4-(dimethylamino)phenyl]-1-[(1,3-thiazol-
2-ylamino) carbonyl] vinyl} benzamide (B3)
IR (KBr) v: 1660 (C‚O str.), 3230 (N–H str.), 1600 (C‚C
str.), 3072–3060 (Ar C–H str.), 3000 (oleﬁnic C–H str.),
2930–2900 (Aliphatic C–H str.); 1H NMR (DMSO-d6,
300 MHz) d: 3.05 (6H, s, N(CH3)2), 6.7–8 (12H, m, 11 aro-
matic H + 1 oleﬁnic CH), 9.60, 13.55 (2H, s, amide –NH);
13C NMR: (DMSO-d6) d: 167.07, 165.49, 165.25, 150.64,
134.25, 130.51, 129.17, 127.49, 127.16, 126.67, 126.11, 124.92,
115.01, 113.59, 112.14, 41.11 MS: m/z 392.13 M+; Anal.
calcd. for C21H20N4O2S: C, 64.27; H, 5.14; N,14.28; Found:
C, 64.28; H, 5.12; N, 14.30.
2.3.4. N-{(Z/E)-2-[4-(dimethylamino)phenyl]-1-
[(propylamino) carbonyl] vinyl} benzamide (B4)
IR (KBr) v: 1651 (C‚O str.), 3257 (N–H str.), 1598 (C‚C
str.), 3072–3060 (Ar C–H str.), 3000 (oleﬁnic C–H str.),
2889–2805 (Aliphatic C–H str.); 1H NMR (DMSO-d6,
300 MHz) d: 0.90 (3H, t, –CH3), 1.60 (2H, m, –CH2), 3.05
(6H, s, N (CH3)2), 3.16 (2H, t, –CH2), 7.00–8.00 (10H, m, 9
aromatic H + 1 oleﬁnic CH), 8.85, 9.60 (2H, s, amide –NH);
13C NMR:(DMSO-d6) d: 165.37, 164.54, 147.63, 134.73,
132.23, 129.54, 128.26, 127.55, 126.39, 122.06, 114.60, 112.43,
40.61, 39.12, 25.45,13.14; MS: m/z 351.15 M+; Anal. calcd.
for C21H25N3O2: C, 71.77; H, 7.17; N, 11.96; Found: C,
71.80; H, 7.16; N,11.97.
2.3.5. N-{(Z/E)-1-{[(4-methylphenyl)amino]carbonyl}-2-[4-
(dimethylamino)phenyl] vinyl} benzamide (B5)
IR (KBr) v: 1660.33 (C‚O str.), 3220 (N–H str.), 1601 (C‚C
str.), 3010–3060 (Ar C–H str), 3000 (oleﬁnic C–H str.), 2950–2900 (Aliphatic C–H str.); 1H NMR (DMSO-d6, 300 MHz)
d: 2.30 (3H, s, –CH3), 3.00 (6H, s, N(CH3)2), 6.70–8.07
(14H, m, 13 aromatic H + 1 oleﬁnic CH), 9.70, 9.90 (2H, s,
amide –NH); 13C NMR:(DMSO-d6) d: 166.39, 164.15,
145.66, 136.56, 133.44, 130.18, 128.66, 127.87, 127.14, 126.85,
125.41, 124.96, 123.37, 120.74, 115.55, 110.27, 40.63, 21.31;
MS: m/z 399.25 M+; Anal. calcd. for C25H25N3O2: C,
75.14; H, 6.26; N, 10.51; Found: C, 75.11; H, 6.23; N, 10.54.
2.3.6. N-{(Z/E)-1-{[(4-methoxyphenyl)amino]carbonyl}-2-[4-
(dimethylamino) phenyl] vinyl}benzamide (B6)
IR (KBr) v: 1660.70 (C‚O str.), 3223 (N–H str.), 1601 (C‚C
str.), 3070–3065 (Ar C–H str), 3000 (oleﬁnic C–H str.), 2970–
2930 (Aliphatic C–H str.); 1H NMR (DMSO-d6, 300 MHz)
d: 3.05 (6H, s, N(CH3)2), 3.70 (3H, s, –OCH3), 6.70–8.00
(14H, m, 13 aromatic H + 1 oleﬁnic CH), 9.75, 9.95 (2H, s,
amide –NH); 13C NMR:(DMSO-d6) d: 166.80, 164.99,
154.85, 148.40, 137.90, 134.51, 131.20, 129.03, 128.19, 126.13,
124.66, 123.17, 121.67, 115.39, 112.17, 54.47, 41.30; MS: m/z
415 M+; Anal. Calcd. for C25H25N3O3: C, 72.28; H, 6.02;
N, 10.12; Found: C, 75.31; H, 6.04; N, 10.15.
2.3.7. N-{(Z/E)-1-{[(3,5-dimethylphenyl)amino]carbonyl}-2-
[4-(dimethylamino) phenyl] vinyl}benzamide (B7)
IR (KBr) v: 1660 (C‚O str.), 3227 (N–H str.), 1601.93 (C‚C
str.), 3072–3060 (Ar C–H str), 3000 (oleﬁnic C–H str.), 2930–
2900 (Aliphatic C–H str.); 1H NMR (DMSO-d6, 300 MHz)
d: 2.34 (6H, s, –CH3), 3.05 (6H, s, N (CH3)2), 6.71–
8.07(13H, m, 12 aromatic H + 1 oleﬁnic CH), 9.75, 9.90
(2H, s, amide –NH); 13C NMR:(DMSO-d6) d: 167.10,
165.55, 150.64, 138.65, 134.17, 130.51, 129.17, 127.49, 127.10,
126.67, 126.11, 124.92, 123.22, 122, 115, 111.95, 41.11, 20.75;
MS: m/z 413.20 M+; Anal. Calcd. For C26H27N3O2: C,
75.50; H, 6.60; N, 10.16; Found: C, 75.52; H, 6.56; N, 10.20.
2.3.8. N-{(Z/E)-1-{[(2,4-dimethylphenyl)amino]carbonyl}-2-
[4-(dimethylamino) phenyl] vinyl}benzamide (B8)
IR (KBr) v: 1660.77 (C‚O str.), 3227 (N–H str.), 1601.93
(C‚C str.), 3072–3060 (Ar C–H str), 3000 (oleﬁnic C–H
str.), 2930–2900 (Aliphatic C–H str.); 1H NMR (DMSO-d6,
300 MHz) d: 2.1 (3H, s, –CH3), 2.3 (3H, s, –CH3), 3.05 (6H,
s, N(CH3)2), 6.70–8.00 (13H, m, 12 aromatic H + 1 oleﬁnic
CH), 9.70, 9.90 (2H, s, amide –NH); 13C NMR:(DMSO-d6)
d: 167.14, 165.05, 148.44, 138.60, 134.14, 130.48, 128.16,
127.41, 127.15, 126.60, 126.11, 124.90, 123.11, 122.35, 115.31,
112.12, 41.15, 20.61; MS: m/z 413.20 M+; Anal. Calcd. for
C26H27N3O2: C, 75.50; H, 6.60; N, 10.16; Found: C, 75.54;
H, 6.59; N, 10.20.
2.3.9. N-{(Z/E)-1-{[(2,4-dimethoxyphenyl)amino]carbonyl}-
2-[4-(dimethylamino) phenyl]vinyl}benzamide (B9)
IR (KBr) v: 1660 (C‚O str.), 3220 (N–H str.), 1601 (C‚C
str.), 3100–3065 (Ar C–H str.), 3000 (olefenic C–H str.),
2970–2930 (Aliphatic C–H str.); 1H NMR (DMSO-d6,
300 MHz) d:, 3.05 (6H, s, N(CH3)2), 3.70 (3H, s, –OCH3),
3.80 (3H, s, –OCH3), 6.70–8.00 (13H, m, 12 aromatic H + 1
oleﬁnic CH), 9.75, 9.90 (2H, s, amide –NH); 13C
NMR:(DMSO-d6) d: 166.88, 163.89, 155.13, 154.92, 148.42,
138.60, 133.11, 130.40, 128.11, 127.15, 126.62, 124.90, 123.08,
121.12, 114.01, 112.10, 56.33, 54.12, 40.60; MS: m/z 445
MW-assisted ring opening of oxazolone S863M+; Anal. Calcd. for C25H25N3O3: C, 70.11; H, 6.06; N,
9.43; Found: C, 75.08; H, 6.05; N, 9.47.
2.3.10. N-{(Z/E)-1-{[(3-chloro-5-
methylphenyl)amino]carbonyl}-2-[4-(dimethylamino) phenyl]
vinyl}benzamide (B10)
IR (KBr) v: 1652 (C‚O str.), 3230 (N–H str.), 1622 (C‚C
str.), 3065–3040 (Ar C–H str.), 2985 (olefenic C–H str.),
2870–2830 (Aliphatic C–H str.); 1H NMR (DMSO-d6,
300 MHz) d: 2.30 (3H, s, –CH3), 3.00 (6H, s, N(CH3)2),
6.70–8.00 (13H, m, 12 aromatic H + 1 oleﬁnic CH), 9.70,
9.90 (2H, s, amide –NH); 13C NMR:(DMSO-d6) d: 168.02,
167.01, 161.45, 149.14, 139.30, 136.14, 131.08, 130.10, 127.75,
127.14, 126.40, 126.33, 124.10, 122.35, 116.51, 112.32, 41.20,
24.21; Anal. Calcd. for C25H24ClN3O2: C, 69.28; H, 5.54;
N, 9.69; Found: C, 70.12; H, 5.70; N, 9.50.
3. Results and discussion
During the course of the present study to synthesize some
benzamides utilizing dimethylamino substituted oxazolones
and amines, it was difﬁcult to obtain desired products by the
conventional method of synthesis, i.e. heating the reaction
mixture in various solvents (toluene, acetonitrile, THF and
dioxane). As described above in the introduction, attempts
to carry out reactions by the conventional method gave unac-
ceptable results. Summarizing, reaction of oxazolones with
anilines in solvents, separately in toluene, acetonitrile, THF,
and dioxane, carried out for 20 h did not yield the expected
products (TLC monitored). Changing the solvent to a mixture
of dioxane:triethylamine (1:1 v/v) did marginally reduce the
reaction time (6–12 h), but the yield of products ranged from
20% to 54% where the nucleophile was aromatic, and 60%
where the nucleophile was aliphatic. Similar reaction in
DMF or DMSO generated a mixture of products, making iso-
lation of the desired product more troublesome and difﬁcult,
probably due to reactions that are out of scope of this study.
Carrying out the synthetic procedures in a microwave sys-
tem became imperative due to obvious reasons discussed
above. All trials repeated using the microwave exposure of
reaction mixtures, containing stoichiometric amounts of oxa-
zolone and primary amines and catalytic amounts of trimeth-
ylamine in acetonitrile as solvent, at 420–560 Watts for 8–
20 min resulted in clean products that required minimum
work-up for isolation and purity.
All the synthesized compounds were characterized by their
physical properties and spectral data. Spectral analysis (IR, 1H
NMR and Mass) of the compounds adequately supported the
structures of the synthesized compounds. The IR spectrum of
4-(4-dimethylaminobenzylidene)-2-phenyl-5-oxazolone shows
the presence of a strong lactone carbonyl stretching vibration
band at 1800–1760 cm1. Additionally, peaks in characteristic
absorption regions of amide carbonyl and stretching of N–H
due to amide function are not present in the spectra of oxazo-
lone, but these peaks are quite apparent in the spectra of the
products, i.e. benzamide derivatives (B1–B10) lamenting their
formation. 1H NMR spectra of all benzamide derivatives exhi-
bit two singlets for two amide protons at d= 9–13.70. 13C
NMR spectra of oxazolone (AZ4) show absorption of lactone
carbonyl carbon at d= 160 and imine carbon has got ab-
sorbed at 157 d ppm. While, the benzamide compounds (B1–B10) show two signals in singlet for two amide carbons at
d= 163–168. This feature supports the ring opening of oxazo-
lone to form compounds with amide function.
4. Conclusion
Present article reports an easy and convenient microwave as-
sisted method for the ring-opening reaction of oxazolone hav-
ing a character less prone to undergo nucleophilic attack by
primary amines. Several trials of reactions following conven-
tional synthetic methods were unsuccessful; microwave assis-
tance to these reactions yielded proper quantities of
products. Exceptions to this observation were the reactions
involving aniline with electron-withdrawing groups present
on the phenyl ring, or if the ortho- position on the same nucle-
ophile is substituted. In both cases, the reactions produced
lower yields. These reactions do need further optimizations.
Workup to isolate the product was found to be uncomplicated
as acetonitrile with only a catalytic amount of triethylamine
was utilized for reaction medium. Therefore, our method
should be readily adaptable for the ring opening reactions,
wherein, less reactive oxazolones and/or poor nucleophilic
amines too react for giving acceptable yields.Acknowledgements
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